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ABSTRACT

Location determination of mobile user via RSSI approach has received ample attention from researchers lately.
However, it remains a challenging issue due to the complexities of RSSI signal propagation characteristics, which are
easily exacerbated by the mobility of user. Hence, a segmentationbased linear spline interpolation method is
proposed to cater for the dynamic fluctuation pattern of radio signal in complex environment. This optimization
algorithm is proposed in addition to the current radiolocation’s (CC2431, Chipcon, Norway) algorithm, which runs on
IEEE802.15.4 standard. The enhancement algorithm involves four phases. First phase consists of calibration model in
which RSSl values at different static locations are collected and processed to obtain the mean and standard deviation
value for the predefined distance. RSSI smoothing algorithm is proposed to minimize the dynamic fluctuation of
radio signal received from each reference node when the user is moving. Distances are computed using the
segmentation formula obtain in the first phase. In situation where RSSI value falls in more than one segment, the
ambiguity of distance is solved by probability approach. The distance probability distribution function(pdf) for each
distances are computed and distance with the highest pdf at a particular RSSI is the estimated distance. Finally,
with the distances obtained from each reference node, an iterative trilateration algorithm is used for position
estimation. Experiment results obtained position the proposed algorithm as a viable alternative for location tracking.
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I. INTRODUCTION Maturity in the development of wireless technology
has perked up a growing interest for researcher in
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location tracking sector. Many approaches have been
proposed to cater for the best tracking solution, RSSI
technique is among the popular approach due to its
simplicity and its ability to perform in both indoor and
outdoor environment. However, irrespective of whether
the issue of interest is that of target detection,
classification, or tracking, solution of the problem is
complicated by the non-stationary character of the
received signal strength. The causes of this
non-stationarity include motion of the mobile target and
variations in environmental conditions.

Therefore, to deal with this complication, we resort
to the use of this segmentation-based linear spline
interpolation algorithm (SLSIA).

II. SEGMENTATION-BASED LINEAR
SPLINE INTERPOLATION ALGORITHM

The accuracy refinement algorithm proposed

combines RSSI  smoothing  algorithm  with
probabilistic  method for  segmentation-based
distance  estimation. The purpose of this

segmentation is due to the fact that, in real world
scenario, the relationship between RSSI signal
strength and distance is not straightforward and
RSSI tends to fluctuate out of certain region (

Figure 1). |

Therefore, instead of obtaining a single linear
equation for each calibrated signal curve, we have
broken the calibrated curves at each reference nodes
into several range of segments with their own linear
interpolation equation on every segment. This proposed
algorithm comprises of four phases, which involve
calibration of RSSI for each reference node, RSSI
smoothing algorithm, distance estimation and position
estimation. The flow of algorithm is shows in Figure 2
and the details of these four phases are described in the
following subsections.
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Fig 1. Signal strength behaves differently in different
environments. Signal strength does not correlate with
distance in indoor environment.

A. Calibration Phase

In this step, the mean and standard deviation of
signal strength reading collected at several predefined
distances from the respective reference node is recorded.
The curve pattern is approximated or modeled using
linear spline interpolation [2], in which the curve is
segmented into several linear curves (Figure 3). If x
represents the logarithm of distance (10loglOD) and y
represents the RSSI value, for a value of y that falls
within the segment range , the cormresponding value of y
can be calculated by (1).
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Fig 2. Segmentation-based Linear Spline Interpolation
Algorithm.
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, the value of the point can be
obtained by using extrapolation method.
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A set of standard deviation, median and mean value
are computed to classify the calibrated RSSI into
segments. An algorithm is designed to identify which
segment of the filtered RSSI can possibly lies in
Distance is computed by solving the linear interpolation
equation of that segment.
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Figure 3. Segmented RSSI curve.

B. RSSI Smoothing Algorithm

Smoothing algorithm is proposed to minimize the
dynamic fluctuation of radio signal received from each
reference node when the user is moving. There is a
correlation between cutrent positions with previous
location. The selection of gains is based on the optimal
trade-off between the filter coefficients and the blind
node’s motion change rate, so that the noise is reduced
to an optimal value. The basic assumption for this
smoothing algorithm is that the constant velocity motion
will result in constant data change rate and stationary
noise Processes.

The estimation and prediction stages for the
smoothing algorithm used are shown as below:
Estimation:

R est(i) = R predy T 4 (R prev(i) R pred(i) ) )

‘;es: (i = VAPred @t ‘]_{:_(R prev (i) ~ ﬁpred (r‘)) 3)
Prediction:

R pred(i +1) = ﬁes:(;) + I}est(t) T, )

I;pred (i+1) = I;est(i) 5)
where

ﬁest(i) = the ith smoothed estimate range,

ﬁpred(f) = the ith predicted range,

Rprev) = the ith measured range,

Aest(i) = the ith smoothed estimate range rate,

I;"la"ﬂ?'-'fl (1) = the ith predicted range rate,

= gain constants,
Ts = time segment upon the ith update.
C. Distance Estimation

Since the calibrated curve is not a linear curve,
sometimes, the RSSI received may falls in more than
one segment, which may results in getting more than
one distance. For that reason, a probabilistic approach
is proposed to solve the ambiguity of distance
computation and select the best possible distance.

Probabilistic approach is proposed as the RSSI react
as a log-nommal distribution towards the distance.
Equation (6) shows the RSSI to distance equation
expressed in dBm,

RSSI =10nlog,, D+ 4 ©

where n is the signal propagation constant, D is the
distance from sender and A is the RSSI at 1 meter
distance. When signal strength is approximated by the
inverse power law, the received signal uncertainty is
usually approximated by a log-Normal distribution
function as followed:

exp-(s2/0?)

V(276?) 7
where s is the filtered RSSI and sigma is the standard
deviation of the log-Normal distribution in dBm.
Therefore, by combining equation (6) and (7), we
obtained (8) for probability distribution function (PDF)
calculation.

exp—((—10nlog,, D+ A—RSSI )? /%)

DN2xo ? (8)
Distance with the highest PDF value is the estimated
distance for that time segment.

This two-dimensional PDF describes how likely the
mobile station is to be found at a particular coordinate
given the radio signal information obtained between the
mobile and the particular reference node. The mean and
standard deviation represents the characteristics of the
distribution

D. Position Estimation

Trilateration is a method to determine the position
of an object based on simultaneous range measurements
from three reference nodes at known location. Iterative
method is applied to derive blind node position
according to the estimated distance resolved from
filtered RSSI and the calibrated constant. The algorithm
requires the coordinates of at least three reference nodes
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(xi, yi) and the distances di between the blind node and
the respective reference nodes, which are estimated in
the previous subsection. A trivial estimated position (xe,
ye) is needed to start the algorithm, This estimated
position represents the latest calculated position. By
applying the first degree Taylor series approximation,
the adjustment (Ax, Ay) used in iteration of (X, ye) can
be determined by matrix calculation. By calculating the
mean value of the points obtained through the matrix
calculation, the final position is computed. Both CC2431
position estimation results and this iterative trilateration
algorithm are analyzed to observe the improvement
achieved.

III. EXPERIMENTAL RESULTS

To analyze the effectiveness of the proposed
algorithms, experiments were conducted in a
hybrid indoor and outdoor environment
(34mx30m). TIP sensor node [3] which features
Chipcon CC2420 [4] radio for wireless
communication is used as a base station to receive
raw RS5] values from blind node. The base station
is connected to a personal computer with
monitoring program via USB serial port. A user
carrying the blind node walked from an indoor
staring point with coordinate (1.5, 0) to an
outdoor ending point with coordinate (1.5, 47.5).
The movement was tracked at real-time with an
interval of 1.3 seconds.

Figure 4 reveals a comparison of location
coordinates of the proposed algorithms in hybrid
indoor and outdoor environment, in which
Segmentation-oriented Linear Spline Interpolation
yeilds an average error of 1.75m, which are more
accurate than the average error of 2.8m obtained
from location coordinates provided by CC2431.
Table 1 gives a summary of the accuracy
comparison for two algorithms. Inspection of the
results for each of the test bed described in Table
1 revealed that the performance of SLSIA
algorithm produce a better output in accuracy
enhancement. The experimental results presented in
this report demonstrate the ability of this system to
estimate user’s location with a high degree of
accuracy. The result positions this SLSIA algorithm
as a very viable alternative for tracking.

CC2431

2.80m
1.75m

SLSIA

IV. CONCLUSIONS
Segmentation-based Linear Spline Interpolation
algorithm is proposed in viewing of the non-linearity
relationship between distance and RSSI in complex
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Figure 4. Comparison of location coordinates (X, Y).

environment where signal fluctuation is high. This
SLSIA algorithm outperforms the current system’s
algorithm in terms of accuracy regardless of the types
of environment it is to be implemented. Experiment
were conducted to show the improvement of the
proposed algorithm compared to the current CC2431
location estimation engine. Overall average accuracy is
improved through the refining algorithms that combine
the segmentation of calibrated signal propagation
constants, reduction of dynamic signal fluctuation,
probabilistic approach of distance estimation and
trilateration.
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